ABSTRACT
INTRODUCTION

Mycobacterium tuberculosis, a facultative intracellular pathogen belonging to the
Mycobacterium tuberculosis complex is the causative agent of tuberculosis (TB) in humans. It was responsible for the mortality of 1.4 million of the world's population in The implementation of directly observed treatment, short-course (DOTS) by the World Health Organisation (WHO) involves the administration of first line anti-TB drugs, which are combinations of isoniazid (INH), rifampicin (RIF), pyrazinamide (PZA) and ethambutol (EMB) for 2 months in order to kill the rapidly growing bacteria. The treatment is continued in the next 4 months with the combination of INH and RIF due to their sterilizing activity to eliminate the bacilli which are dormant in the macrophages, or slow growers (Rivers and Mancera, 2008) . Toxicity associated with these first line drugs and the long duration of treatment has led to the failure of patient compliance, giving rise to drugresistant strains. Multi-drug resistant mycobacteria are resistant to INH and RIF, while extremely drug-resistant mycobacteria are also resistant to second line drugs such as fluoroquinolones and at least one injectable drug in addition to INH and RIF. Hence, there is a need to identify new targets for novel anti-TB drugs (McGaw et al., 2008a) .
From antiquity, humankind has sought to source drugs from plants. Natural products and their derivatives play a substantial role in the drug discovery and development process, serving as leads for the invention of new drugs (Newman and Cragg, 2007) . The use of medicinal plants is an alternative to the use of synthetic drugs as a curative agent for infectious disease, arousing the interest of researchers investigating substitutes to modern medicine (Al-Saghir et al., 2009) . Many plant species have antimycobacterial compounds which may serve as template molecules for the development of new anti-TB drugs (Pauli et al., 2005; Garćia et al., 2012) . Medicinal plants indigenous to southern Africa have been employed in the treatment of TB-related symptoms such as coughing, chest pain, respiratory discomfort and fever (McGaw et al., 2008a) . and stored in closed glass containers in the dark until needed.
Plant extraction
One gram of powdered leaf material from each species was extracted with 10 ml of acetone (technical grade, Merck) in a polyester centrifuge tube which was vigorously shaken on an orbital shaker for 30 min (Eloff, 1998b) . It was centrifuged at 4000 x g for 10 min and the supernatant was filtered through Whatman No. 1 filter paper into a pre-weighed glass vial.
The extraction was repeated twice and the solvent was removed under a stream of air in a fume hood at room temperature to produce dried extracts. Extracts were made up to a concentration of 10 mg/mL in acetone.
Chromatographic analysis
Qualitative screening of crude acetone extracts was performed to obtain thin layer chromatography (TLC) fingerprints of each investigated extract. 
Bioautographic investigations
Duplicate chromatograms prepared as above were left uncovered in a dark place under a stream of cold air for one day to allow evaporation of the solvent before being sprayed with an actively growing suspension of M. smegmatis (cultured for 18 -24 h at 37°C) using a spray gun in a fume cupboard. The moist plates were incubated at 37 o C in a closed plastic container for 24 h to allow the mycobacteria to grow on the plates. The plates were then sprayed with 2 mg/mL of p-iodonitrotetrazolium violet (INT) (Sigma) in distilled water and incubated for a further 30 min to 1 h for the development of clear zones against a purplered background. Clear zones against the purple-red background were indicative of antimycobacterial activity of compounds separated on the chromatograms (Begue and Kline, 1972) .
Antimycobacterial activity
Mycobacterial culture
Antimycobacterial activity was tested against 3 non-tuberculous mycobacteria ( Middlebrook 7H9 broth supplemented with 10% OADC medium to obtain a final inoculum density of approximately 5 ×10 5 cfu/ml. This was confirmed by spreading 100 µl volumes of 10-fold serial dilutions of each culture suspension onto agar plates using a glass spreader and counting colonies growing after incubation at 37°C.
Molecular characterization of M. tuberculosis strain
Mycobacterium tuberculosis strain (TB 8104) isolated from a waterbuck was genetically characterized using variable number of tandem repeat typing based on a 13-locus VNTR panel (Hlokwe et al., 2013) .
Antimycobacterial assay
The modified two-fold serial dilution microplate method was used to determine the minimum inhibitory concentration (MIC) values of the plant extracts (Eloff, 1998b; McGaw et al., 2008b) . Briefly, aliquots (100 µl) of 10 mg/mL solutions dissolved in acetone of the crude extracts were serially diluted with OADC-supplemented Middlebrook 7H9 broth in 96-well microtitre plates before mycobacterial culture (100 µl) was added to each well. The anti-TB drugs isoniazid, rifampicin and streptomycin represented the positive controls, and solvent controls were included. Doses were tested at least in triplicate and the entire experiments were repeated, providing a minimum of six data sets per dilution. The microplates were covered with sterile plastic lids, sealed with parafilm, and placed in a stainless steel chamber, the base of which was lined with paper towel saturated with sterile water to maintain humidity. The fast-growing M. smegmatis was incubated at 37°C overnight, while M. aurum and M. bovis BCG cultures were incubated for 5 to 7 days.
M. tuberculosis was incubated at 37°C for 10 days. MIC values were detected using a tetrazolium violet ( 
RESULTS
Plant extract yield
Powdered leaf materials were extracted with acetone. The percentage yield of the 16 crude extracts (Table 1) ranged from 0.96 to 11.32% with Feretia aeruginescens having the highest percentage yield of 11.32% followed by Hymenodictyon parvifolium (7.05%). The lowest yield obtained was from Vangueria infausta (0.96%).
Phytochemical analysis
Compounds of varying polarities were visualized on the TLC plates when sprayed with vanillin reagent. More than 40 compounds were separated by TLC using the BEA and CEF solvent system but CEF was the best system with more than 20 compounds of intermediate polarities separated (Figure 1A) .
Bioautography
All the crude plant extracts showed at least 1 band of growth inhibition against M.
smegmatis with the 3 solvent systems used except for Kraussia floribunda and Feretia aeruginescens. The BEA system gave the best separation of compounds, indicating that most of the antimycobacterial compounds are non-polar. An active compound of Rf value of 0.79 was present in all the extracts for BEA chromatograms. In the BEA and CEF ( Figure 1B ) chromatograms, Oxyanthus speciosus and Cremaspora triflora showed 4 active bands each. In the EMW chromatograms, Cephalanthus natalensis had 6 active compounds while Oxyanthus speciosus had 5 compounds.
Antimycobacterial activity
The results of the antimycobacterial activity assay are presented in (Eloff, 1998b; Sánchez and Kouznetsov, 2010) . zombamontana showed the highest total activity of 1 077 mL/g against M. smegmatis. The value of 1 077 mL/g means that if 1 g of the acetone extract is diluted to 1077 mL, it will still inhibit the growth of the specific mycobacterial species (Eloff, 2000) . The extract of
Oxyanthus speciosus was the second best with values of 511 mL/g and 438 mL/g against M. aurum and M. bovis BCG respectively.
Cytotoxicity and Selectivity Index (SI)
The crude extract of Vangueria infausta had the highest LC 50 value (lowest toxicity) of 0.76 mg/mL while the extract of Psychotria capensis was the most toxic (LC 50 = 0.015 mg/mL) against C3A liver cells (Table 3) (Table 2 ). The higher the SI value, the safer the extract. The average SI value for all the crude extracts ranged from 1.5-1.7 and 0.7-0.9 for C3A liver cells and Vero kidney cells respectively. The extract of Oxyanthus speciosus had the best SI values (4.91, 
DISCUSSION
The acetone extract of Oxyanthus speciosus contained the highest number of chemical constituents active against the tested mycobacteria based on the bioautography results while
Vangueria infausta showed the least. There appears to be a common compound close to the solvent front producing a zone of inhibition seen in the chromatogram of all the crude extracts and based on the Rf value it can be concluded that there may be a non-polar antimycobacterial compound common to all the tested extracts. Psychotria zombamontana had the lowest MIC value but showed only two antimycobacterial compounds in bioautography. It is possible that more antimycobacterial compounds could be present in this active extract, but these may not be stable when separated by TLC. Oxyanthus speciosus had the highest number of inhibition bands in all the solvent systems, together with low MIC values. Most of these bands were not visible in the reference TLC plate so they most likely did not react with the vanillin-sulphuric acid spray reagent. Alternatively they may have been present in quantities too low to be seen in the reference plate but were still able to inhibit the growth of the M. smegmatis.
Of the extracts screened from the Rubiaceae family, seven of them had good antimycobacterial activity against the four mycobacterial test species. Crude extracts with an MIC less than 0.1 mg/mL are usually considered as significantly active (Eloff, 1998b) and therefore could be regarded as promising candidates for further studies. If the MIC value is > 0.1 to 0.625 mg/mL it is considered moderate, and weak if MIC is > 0.625 mg/mL (Sánchez and Kouznetsov, 2010) . Based on these criteria, the acetone extracts of smegmatis. This supports the findings of Chung et al. (1995) who reported that the inhibition of growth of M. aurum is highly predictive of activity against M. tuberculosis. M.
bovis BCG also showed a strong correlation with activity against M. tuberculosis, supporting the use of this species as a model organism for antimycobacterial activity studies of plant extracts. These correlations may likely vary with different plant extracts and classes of compounds.
Total activity values indicate which species could be the best source of an extract for use by poor communities or for organic production (Eloff, 2000) . The crude extract of Psychotria zombamontana had the best MIC values and the highest % yield thereby resulting in the highest total activity of 1 077 mL/g. However, Oxyanthus speciosus proved to be the best candidate for further study owing to its favourable cytotoxicity profile and the varying polarities of antimycobacterial compounds present in the extract. The other extracts with MIC values < 0.1 mg/ml are also worthy of further investigation but priority should be given to those with low cytotoxicity.
Two different cell lines, C3A liver and Vero kidney, were chosen to be representative of organs targeted in general toxicity, and were expected to have different metabolic activities and uptake capabilities. Hepatic cell lines have metabolic enzymes and also generally show increased sensitivity compared to other cell types (Froscio et al., 2009) . Extracts showing sensitivity to cell lines with LC 50 values > 0.1 mg/mL are considered not cytotoxic (Kuete, 2010) . The C3A liver cells were in this study less susceptible than the Vero cells to the tested extracts. Thirteen of the extracts had LC 50 values > 0.1 mg/mL against C3A cells while eight extracts had LC 50 values > 0.1 mg/mL against Vero cells. The extracts of
Psychotria capensis had good antimycobacterial activity but were cytotoxic to both cell lines, meaning that its activity could be due to general metabolic toxins. Plant extracts with SI values less than 1 imply that the extracts are less toxic to bacteria than to the mammalian cells (Eloff, 2000) . Therefore, crude extracts with higher SI values are considered relatively safer when used in vivo because the extract is more toxic to the pathogen than to the mammalian cells. It should be kept in mind that in vivo efficacy and toxicity of extracts or active compounds upon administration to animals or humans may differ substantially from their in vitro properties owing to pharmacokinetic and pharmacodynamic considerations. In this study, the extract of Oxyanthus speciosus had the highest SI value against the four mycobacterial strains tested and had the second highest total activity. 
CONCLUSION
